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`8K,a"VLOYK�CWZPK,OPGRZUCFVLMz^NVLM²ZPCWM�T�KNE,k ª d�K�CWZUKNOUGRZPCc]LK�[jK,ZUd�V�mx^,T�OUOYKNM²ZPQcXxCF[jS�QWKN[jKNM²ZPK,miCFE@V5M�K�V5a�ZPd�K�^,Q°G5EYE
V5a�9<OYX�QFV&]©[jK,ZUd�V�m�ENk

y_E§VLM�QWXµZUd�Kn[�GRZUOUC¨��{|]LK,^,ZPV5O©S�OUV�m�T�^�Z+��³7Õ.´�, CFE§OUK,��T�CFOYKNmÏCFM�ZPd�KÐ9<OYX�QWV1]µ[�K�ZPd�V�mvt_CWM�ZPd�CWE
M�VLM�QFCFM�K�G5O�KN��T*GRZUCFVLM�E�EUK,ZYZPCWM�I�ZPd*G�Z�G5^�ZPCFV5M©CFE�GRS�S�OUV���CF[�GRZUKNm�`²X©G�m�C.-.KNOUK,M�^NK<��T�VRZPCFK,M²Z�V5a�ZPd�Kba"VLOU[

��³7Õ.´�,0/ Ô ³"Õ�#21�,�´3� Ô ³"Õ.´
1 Ø³|Æ5´

w�d�K,OUK@Õ©CWE�ZUd�K_^,T�OUOYKNM²Z�G5S�S�OUV���CF[�GRZPCWVLMJZPV�G$OUV�V5Z�V5a�³hÙ&´�G5M�m*1zCWE�G�EY^�G5QFG5ONt�G5S�S�OUVLS�OUC°G�ZPKNQcX�^�d�VLEYKNM
ZPVn[jCFM�CW[�CWÅNKjM�T�[�K,OUCW^�G5Q�K,OUOYVLO�CFMDZUd�K§^NVL[jS�T�ZPGRZPCWVLM�V5a�³|ÆL´êkDy_MÂVLS�ZUCFVLM�G5Q�T�EYKNO>{}m�K��*M�KNm�OUVLT�ZUCFM�K
CF[jS�QWKN[jKNM²ZPCWM�I$ZUd�CFE�[�GRZUOUC¨��{|]LK,^,ZPV5O�S�OYV�m�T�^,Z�CWE�G5^,^NVL[j[�V�m*GRZUKNmvk�?�KNK@a"T�OhZPd�K,O�m�K�Z�G5CWQFE�`8KNQWV&w CFM�ZPd�K
EUK,^,ZUCFVLM�m�KNEY^NOYCF`�CWM�I�ZPd�K:OUV5T�ZPCWM�K5476�¸98;:9<>=@?¿k

ª VÐZUd�KzGR`.V&]LK�[jK,ZPd�V�m�EjG5OYK�G5m�m�K,m�EU^NG5QFCWM�IÐG5M�m S�OUK,^NVLM�m�CWZPCWVLM�CWM�I�k ?�^NG5QFCWM�InCFEjG5QFQWV&w�K,mÂa"V5O
`8V5ZPd«ZUd�K�GRS�S�OUV���CF[�GRZUK�EYVLQFT�ZUCFVLMn]LK,^,ZUVLO�G5M�m�ZPd�K�EYX�EYZUKN[�a"T�M�^,ZUCFVLM«]5KN^�ZPVLO,kzy_m�m�CWZUCFVLM*GRQFQWX5t�OUCFI5d�Z
S�OYKN^NV5M�m�CWZUCFVLM�CFM�IjCFEHS�OUV&]�CFm�KNmia"VLOHCWa¤ZUd�K�S�OUKN^,VLM�m�CcZPCWVLM�CFM�I�EYK,ZPT�SnG5M�miEYVLQW]5K�OUV5T�ZPCWM�KNE_G5OUK�EUT�S�S�QFCFK,m
`²X�ZPd�K$T�EUKNO,k

A d�CWQFK�V5M�QWX¬VLM�K�QWCFM�KNG5O_EYVLQW]5KNO@CWE@M�V&w~CW[�S�QFKN[jKNM²ZUKNmza"VLO_T�EUK�w�CcZPdxZPd�CWE@S*G5^�¯�G5I5K5tvZPd�K�a"VLOU[�G5Q
EYZUOUT�^�ZPT�OYK�CWE�CFM�S�Q°G5^,K<a"VLOHG5QWZUKNOUM�GRZPK<EYVLQW]5KNOUE,k ª d�K$EUVLQc]LK,OH^,T�OUOYKNM²ZPQcX§CF[jS�QFK,[�K,M²ZPKNm§CWE�ZUd�K0B�¶DCH��?
EUV5QW]LK,O@o�Æ�t*Ù&×1s8CFMJ[�V�m�T�QWK$8>EGF>H�¾�G5M�m�G5^N^,KNEYEUKNm�]�CFG'4761¸98>EGF>H�¾8k�ÃHKNOUKIB$¶DCb��?�EYZPG5M�m�E�a"VLOJB:K,M�KNOUG5Qc{
CFÅ,KNmj¶¬CWM�CF[�G5QKCH��?�CFm�T*GRQ|k;}M�[�VLEhZ¤^NG5EUK,ENt�S.K,OYa"VLOY[�GRM�^NK�VRa.?�£LB�¶DC CFE�CW[�S�OUV&]LK,m�`�X�T�EUK,Oh{lEUT�S�S�QFCFK,m
S�OYKN^NV5M�m�CWZUCFVLM�KNOUE,k

?�£LB$¶DCÁCWE�V5M�K�V5a�G¬^NQFG5EUE$V5a�S�OYKN^,VLM�m�CcZPCFV5M�KNm«9:OhX�QFV&]n[�K�ZPd�V�m�E,k A OUCcZPKJZPd�K�QFCWM�K�G5O:EhX�EhZPK,[
EUCW[�S�QWX�G5E

MON ÖQP�³uqL´
yÑS�OUK,^NVLM�m�CWZUCFVLM�K,m«9<OhX�QWV&]x[�K�ZPd�V�mna"VLOj³uq²´@CWM�]5VLQW]5KNE�G�S�OUKN^,VLM�m�CcZPCWVLM�KNO:[�GRZPOYCc�SR ZPd*G�Z�GRS�S�OUV���Cc{
[�GRZPK,E M t.`�T�Zba"VLO�w�d�CW^�diQFCWM�K�G5O�EhX�EhZPK,[�EIR N ÖTP<^�G5M¬`.K�EUVLQc]LKNmzK�G5EYCFQWX5k�g*VLOHS�OUK,^NVLM�m�CWZPCWVLM�CWM�IJVLM
ZPd�K$OYCFILd²ZNt�ZPd�K$9<OYX�QWV1]�[�K�ZPd�V�m§CFE�G5S�S�QFCWKNm©ZPV�ZPd�K$K,��T�CW]RG5QWKNM²Z�EYX�EYZUKN[

³ M RVU ! ´,³WR N ´�ÖXP�
;}M§9<;>=@?�A<B�t�ZPd�K@T�EUKNO�[�G�XjS�OUK,^NVLM�m�CWZUCFVLM�ZUd�K_EhX�EYZPK,[ VLM�ZUd�K@OYCFILd²Z�VLO�T�EYK@M�V�S�OYKN^,VLM�m�CcZPCFV5M�KNO,k¤;}M
G5M²X©^NG5EUKRt¿ZUd�K$9<OYX�QFV&]�[jK,ZUd�V�m«³"CFM§VLT�O�^NG5EUK0B$¶DCb��?�´�CWE�G5S�S�QWCFKNm�ZUV�ZPd�K<ZPOUG5M�Eha"VLOU[jKNm�EYX�EYZUKN[
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Z



g*OUVL[pG5M<CFM�CWZPCFG5Q�ILT�KNEYE YN �&tRGRM�GRS�S�OUV���CF[�GRZUK¤EUVLQWT�ZPCWVLM YN�[ Ö YN ��#]\�CFEvVL`�Z�G5CWM�KNm<a"VLO�^ Ö ÙLØêÆ�Ø������5³7T�M�{
ZPCWQ�^NVLM²]LK,OUILK,M�^NK�´�tvw�CcZPdS\�^�d�VLEUK,Mia"OUVL[ÓZUd�K�9<OYX�QWV1]§EYT�`�EYS*G5^NK`_ [ Öbadc�e��gf�h���Ø YM h���Øi�����NØ YM [ U ! h��ij
V5a�m�CF[jKNM�EUCFV5Mk^xt�w�d�KNOYKlh��HCFE�ZUd�K<CFM�CWZPCFG5Q8OUKNEYCFm�T�G5Q Y PJ� YM YN �&k���GR^�di9<OYX�QFV&]�CWZPK,OPGRZUCFVLM�OUKN��T�CWOUK,EbVLM�K
[�GRZPOYCc��{l]5KN^,ZUVLO�[�T�QcZPCFS�QWX�VLS.K,OPGRZUCFVLM YM ,8t²w�d�CW^�d�CWE�G:^NV5[�`�CFM�GRZPCWVLMJV5av[�T�QWZPCWS�QFCWKNE�`�X M G5M�m�`²XmR U ! k
¶¬T�QcZPCWS�QFCW^�GRZUCFVLM$V5a.G@ILCW]5KNM�]LK,^,ZUVLOn,�`²X M OYKN��T�CWOUKNE¤ZUd�K�S�OYV�m�T�^,Z���,¿t�G5M�mJZUd*GRZ�CWE�G5S�S�OUV���CF[�GRZPK,m�`�X
G�m�C.-.KNOYKNM�^,K���T�VRZPCFK,M²Z�o Ô ³7Õ�#o1�,�´g� Ô ³7Õ.´>sqp;1¤k�¶¬T�QWZUCFS�QWCF^NGRZPCWVLM�`²XrR U ! CWE�ZPVJ`8K$S�OUV&]�CFm�K,m¬`²X©ZPd�K
T�EYKNO:V5a�ZPd�K�EYVLQW]5KNO,t�GRM�mxCFE<ILK,M�KNOUG5QFQcXzS�OUVL`�QWKN[�{}m�K,S.K,M�m�K,M�ZNk�;}MxZPd�K�^�G5EYKjVRasB$¶DCH��?.t�ZPd�Kj^�d�VLCF^,K
CFMt_ [ CWE@`*G5EYKNmÐVLMx[�CWM�CF[jCFÅ,CFM�I�ZUd�K`uwv$M�VLOU[ V5a�ZPd�K�OYKNEUCWm�T*G5Q YPx� YM YN�[ o Æ�t�Ù&×�suk A d�K,MÐG§I5CW]LK,M
YN�[ [jKNK,ZUEHZUd�K$QFCFM�K�G5O�EhX�EhZPK,[�^,VLM²]LK,OUILK,M�^NK�^,OUCcZPKNOYCFVLM�t YN�[ ^NVLOYOUKNEYS.V5M�m�E�ZPVJZPd�K$M�K���ZbCFM�^,OUK,[�K,M�ZI���
CFMjZPd�KbEUVLQWT�ZPCWVLM�VRa�³hÙ1´�®w����CFE�VL`�ZPG5CFM�KNm�a"OYVL[ YN�[ `²X�G5S�S�QcX�CFM�I�EU^�GRQFCFM�I�G5M�m�S�OUK,^NVLM�m�CWZUCFVLM�CWM�I�k ª d�K
CFM�^NOUK,[�K,M²Zs�	��CWE�ZUd�KNM�G5m�m�K,m�ZPV�Õ��<ZPV�a"V5OU[±Õ�� "!¤CFMjEYZPK,S§Æ�³"`¿´�`²XjVLM�KHV5avZUd�KHEYZPOUGRZPK,ILCFK,E�m�CFEU^,T�EUEYKNm
`8KNQFV&w:k ª d�K:M�K�wfCcZPKNOUGRZPK_Õ��� "!�CFE�ZUKNEYZUKNm§a"VLO$³7M�VLM�QFCWM�K�GRO�´�^,VLM²]LK,OUILK,M�^NK�CFMÐ³hÙ&´bt�w�d�CW^�d¬CWE�EYZUKNSzÆ�³7^�´
V5aZPd�K:;}M�Kê��G5^,Z_=bK�w�ZPVLM�CWZUKNOPG�ZPCFV5Mvk

ª w�V�[jK,ZPd�V�m�E�VRa�G5S�S�QWX�CFM�IJGJ^NV5[�S�T�ZPKNm�EYZUKNSy����ZUVjZUd�K:S�OUK�]�CWVLT�EYQWX©^,VL[�S�T�ZPK,mzG5S�S�OUV���CF[�GRZPK
EUV5QFT�ZUCFVLMn]LK,^,ZPV5OJG5OUK�CF[jS�QFK,[�K,M�ZUKNmvk��@K,M�V5ZPK,mµ��ILQFVL`�G5Q�EYZPOUGRZPK,ILCFK,EN�ct�ZPd�K,X«GRZUZUKN[jS�Z�ZUViT�EYK�ZPd�K�m�Cc{
OUK,^,ZUCFVLM¬CF[jS�QFCWKNm©`²Xy����CFM§ZPd�K�[�VLEhZHK�zj^NCWKNM²Z_w�G�X¬CWM¬a"T�OhZPd�K,OUCWM�I�^,VLM²]LK,OUILK,M�^NK�V5a�ZPd�K�ILQFVL`�G5Q�³7Cuk KRkWt
M�VLM�QFCFM�K�G5OP´�S�OYVL`�QWKN[�k ª d�K���OUEYZ�GRM�m�EUCW[�S�QWKNEhZ¤CFEZPd�K�;}M�K���G5^�Z�=bK,w�ZUVLMJEYZUOPGRZUKNI5X5k¤yµ[jVLOUK�G5m�]RG5M�^,KNm
ZPK,^�d�M�CW��T�KjCWE<CF[jS�QFK,[�K,M²ZPKNmzCFMiZPd�KjEYKN^,VLM�mÐEYZPOUGRZPK,I5XLt�^NG5QFQWKNmxB
CFM�KNEUKNG5OU^�d�k ª d�KJEUVR{l^�G5QWQFKNm«�õg*VLOY^NCFM�I
ª KNOU[���G5QFILV5OUCWZUd�[jE�V5a��CFEUK,M�EYZPGRZ�G5M�m A GRQF¯5K,O<o Ç5s8ZPV�^,VLM²ZPOUV5Q8ZUd�K@QFCWM�K�GRO�^,VLM²]LK,OUILK,M�^NK<ZPV5QFKNOUG5M�^,K@G5OYK
G5QWEUVJCF[jS�QFK,[�K,M²ZPKNm�k

y�a"T�M�m*G5[jKNM²ZPG5Q�EYK,Z_V5a¤[�GRZPd�KN[�GRZPCW^�G5QvV5S.K,OPGRZUCFVLM�EHVLMD{§{l]5KN^�ZPVLOYE@d*G5EH`.K,KNMzw�OYCWZYZPKNM�a"VLOH`.V5ZUd
e��bA<�<��¡5£¤�bA:�<� G5M�mi9<;>=@?�A<B�k ª d�CFEHEUK�Z@V5a�^NVL[jS�T�ZPGRZPCWVLM*G5Q
¯RKNOYM�KNQWE_K���CWEYZPEbCFM¬Gjm�CFEYZUCFM�^�Z_^,V�m�K
[jV�m�T�QFK$^�G5QWQFKNmz¸�¹�º�»L¼�½L¾8k�Ò�X¬EUK,S*G5OUGRZPCWM�I�ZPd�KNEUK�a"OYKN��T�K,M�Z$VLS8KNOUGRZPCWVLM�EHa"OUVL[ÓZPd�K�OUK,EYZ:V5a�ZUd�K�^NV�m�K5t
G5QW[�VLEhZ�G5QWQ�V5S.K,OPGRZUCFVLM�E�CFMÂ9<;>=@?�A<B�w�CWZUd�EUCFI5M�CW�*^NG5M²Z�S8V5ZPK,M�ZUC°G5Q�a"VLO�S*GROPG5QWQFKNQ�^NV5[�S�T�Z�GRZUCFVLMDd�G&]5K
`8KNKNMzCFEUV5Q°GRZUKNmvk ª d�KNMvt8Z}w�V�m�C.-.KNOUK,M²Z@EUK�ZPEbV5a�¯5K,OUM�K,QFE,t�`8V5ZPd�w�CWZPd�ZPd�K�EPG5[jK$OUVLT�ZUCFM�K$M*G5[jKNEbG5M�mzG
^NV5[�[jVLM�CFM²ZUKNOYa7GR^NK5t�G5QWQFV&w S*G5OUG5QFQWKNQ�^,VL[jS�T�Z�G�ZPCFV5M�ZPV$`.K�]5KNOYXjEYCF[jS�QWX�CF[jS�QFK,[�K,M²ZPKNm�CWM�ZPd�K,EUKH^NV�m�KNE,k
ª d�K¬VLS.K,OPGRZUCFVLM�Ejm�VLM�K�`�XÂZUd�CFEJEUK�Z�V5a_¯5K,OUM�K,QFE�GROUK§]LKN^�ZPVLO�G5m�m�CcZPCWVLMvt�EU^�GRQFCFM�I�t�GRM�m�^,VLS²XLt�]LK,^,ZUVLO
M�VLOY[�E,t�EU^NG5Q°GRO�S�OUV�m�T�^�ZPENt8G5M�m�EYVja"V5OYZPd�k

|v) ö�0
2�ËuõJ/�}¿É*+�6�~²É�-16"08+ )<y�w�G&X�ZPVj]�CFEUT�G5QFCWÅNK$9<;>=@?�A<BDCFE�ZPVJZPd�CFM�¯©V5a�ZPd�K�^NV�m�K�GRE_`8KNCFM�I
VLOYI²G5M�CWÅNKNm CFM Q°G�XLK,OUE,t�G5E�EYd�V&w�MµCFM g�CWI�kpÙLk ÃHKNOYK5t�Gn[�V�m�T�QWK5��E�M*GR[�K§CFEjT�EYKNm�ZUV«CFM�m�CF^NGRZPK©ZPd�K
ILK,M�KNOUG5Q�a"T�M�^,ZPCWVLM�VRa*ZPd�K�[�V�m�T�QWK5��E�^NV5M�ZUKNM²ZPE,k��@CWK,w�KNm�ZUd�CFEw�G�XLtLZUd�K�T�EUKNO,� E�[�G5CWM�S�OYVLILOUG5[�CFE¤G�Z�ZPd�K
ZPV5S©QFK,]5KNQuk ª d�CFE�S�OUVLI5OPG5[�t�w�CcZPd©GREUEUV�^NCFGRZPK,m�T�EYKNOh{lEUT�S�S�QFCWKNm©OUV5T�ZPCWM�KNE,t�[�G5¯5K,E�]5GROUCFV5T�E�CWM�CWZUC°G5QWCFÅNGRZPCWVLM
^�GRQFQFE,t5[�G5M*G5I5KNE�CWM�S�T�Z�¡RVLT�ZUS�T�ZNt²G5M�m�^NG5QFQWE�ZUd�K�4761¸G8�½���[�G5CWM�[jV�m�T�QFK�w�d�CF^�d�^NG5OUOYCFKNE�VLT�Z�ZUd�K�EhX�EhZPK,[
EUV5QFT�ZUCFVLMvk©y�Z�ZPd�K�M�K���Z�QFK,]5KNQ�m�V&w�Mvt�ZUd�K�4761¸98�½���[�G5CWMn[�V�m�T�QWKj^,VLM²ZPOYVLQFE$ZPd�K�CWZPK,OPGRZUCW]5KjEYVLQFT�ZPCFV5M
S�OYV�^,KNEUE,t�G5M�m CWE�CFM�m�K,S.K,M�m�K,M�Z�V5aHZPd�K§QWCFM�KNG5O�EhX�EhZPK,[ [jK,ZUd�V�mvk�476�¸98�½���^�G5QWQFE�ZUd�K§T�EUK,Oh{lEUT�S�S�QFCFK,m
a"T�M�^�ZPCWVLM Ô t5¯�M�V&w�M�GREg�����7�bCWM²ZPKNOYM*G5QWQWXLt1GRM�m�G5^,^NK,EUEUK,E¤ZPd�K�QFCWM�K�GRO
EYX�EYZUKN[ EUVLQc]LKNO,k�y�ZZPd�K�ZPd�CFOUm$QFK�]LK,Q
CFEa"VLT�M�m�ZUd�K�QFCWM�K�GRO�EhX�EhZPK,[ EUVLQc]LK,O3476�¸98>E9F>H�¾8tLw�d�CW^�d�S�OUV&]�CFm�KNE�G5M�CWM�ZUKNOha7G5^NK�ZPV:G_ILK,M�KNOYCF^�EYVLQW]5KNO�a"V5O
ZPd�K�?�£LB�¶yC�[�K�ZPd�V�mvtR^NVLM�EYCFEhZPCFM�I<V5a¿[�V�m�T�QWKNE�8�E9F>H�¾JG5M�mk6&¼�º�¾K��¼76&¹8t�476�¸98>E9F>H�¾�G5QFEYV<G5^N^,KNEYEUKNE�ZPd�K
T�EYKNOh{lEUT�S�S�QFCWKNm�S�OUKN^,VLM�m�CcZPCWVLM�KNO�EYVLQW]5KbOYVLT�ZPCWM�Ks:7�������G��t�CWa.EUS8KN^,CW�*K,mvt�GRM�mvt�CWa�EUT�S�S�QFCFK,mvt�G5QFEYV$G5^N^,KNEUEYKNE
G T�EUKNO>{}EYT�S�S�QWCFKNm�OUVLT�ZPCFM�K�:9?9�G�����9���>�>��ZUd*GRZ¬^NVL[jS�T�ZUKNE¬G5M�mpS�OUKNS�OUV�^NKNEYEUK,EzZPd�K�S�OUK,^NVLM�m�CWZUCFVLM�K,ONk
ª d�K�:9?G�G�����9���>�>��OUVLT�ZUCFM�K�CWE�T�EUT*GRQFQWX�CF[jS�QFK,[�K,M²ZPKNmJ`²X�w�G&XJVRa
G5M�G5S�S�OYV���CW[�G�ZPK$(LG5^,VL`�C°GRMj[�GRZUOUCc�.k
A_ZPd�K,O�QFCFM�K�G5O�EhX�EhZPK,[ÓEUVLQc]LKNOYEb[�G�X©`8K�GRm�m�KNm�ZPV�ZPd�K�S*GR^�¯RGRILK:CFM©ZPd�K:a"T�ZUT�OUKRk�?�T�^�diG5m�m�CWZPCWVLM�E�w�CWQFQ
`8K_CFM�m�KNS8KNM�m�KNM²Z�V5avZUd�KI4761¸98�½���G5M�m�4761¸98>EGF>H�¾�[jV�m�T�QFK,ENk�?�K,]LK,OPG5Q.EUT�S�S.VLOhZPCWM�I�[jV�m�T�QFK,E�OYKNEUCWm�K@G�Z
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LLNLMATH

llnlmath.h, llnlmath.c

LLNLTYPS

llnltyps.h

NVECTOR

nvector.h, nvector.c

Future additional
  linear solvers

KINSPGMR

kinspgmr.h, kinspgmr.c

spgmr.h, spgmr.c

    SPGMR

ITERATIV

iterativ.h, iterativ.c

  KINSOL  Main 

kinsol.h, kinsol.c

main(...),    func(...),    Precond(...),     Psolve(...)

User Program
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ª d�CWE�Kê��G5[�S�QFKnS�OUV5`�QFK,[ CFE�GÂ[�V�m�K,Q@V5a�G [�T�QWZPC¨{}EYS.K,^NCFK,E�a"V�V�mµw�KN`Ño ÙNsut_CFM w�d�CW^�d�[�T�ZPT*G5Q
^NV5[�S8K,ZUCWZPCWVLM�G5M�m¿¡�VLO�S�OUK,m*GRZPV5Oh{}S�OUK,X�OYKNQ°G�ZPCFV5M�EUd�CWS�E�CFM¬G�EYS*GRZUC°G5Q
m�V5[�G5CWMzGROUK$EUCF[�T�Q°GRZUKNmvk�g*VLO�ZPd�CWE
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EUS8KN^,CFK,E�Z}X�S8K5k ª d�K,EUK$EPGRZUCFEYa¢X�ZPd�K<`8VLT�M�m�G5OYX©^,VLM�m�CcZPCWVLM�E�G5M�m§]5KNOhX§M�K�G5OYQWX�EPGRZUCFEYa¢X�ZPd�K<^,VLM�EhZPOPGRCFM²ZPE,t
ILCc]LKNM�`²X

0 : Ö Ù>�WÙ& 5q5Ç�� ³���Ö ÙLØD24242�Ø¶c8´0 : Ö qRÇ²¥L×LqG�cÙÓ³���Ö2c0#ÏÙLØ324242NØ	a1´��
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